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The Forest Products Laboratory has pointed out t h a t  the expression 
for M,t i n  equation (A10) (p.  11) can be simplified t o  
st {I + rk' + +)} 
Mst = (2 - t2 ) (1  + s 2 p 2)' 
The absence of Poisson's ratio If from t h i s  simplified expression 
indicates t h a t  the numerical resul ts  of the present paper are  valid 
fo r  any value of pf. 
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SEJIAR BIJXLING OF IIWINITELY LON3 SIMPLY SUPPORTED 
By Paul Seide 
SUMMARY 
\ 
A theoret ical  solution is obtained f o r  the problem of the shear 
buckling of in f in i te ly  long slmply supported e l a s t i c  Metalite type 
sandwich plates.  An approximate correction is  suggested f o r  the 
determination of the c r i t i c a l  shear s t resses  of p la tes  that buckle 
i n  the  p l a s t i c  range. 
The problem of determining the c r i t i c a l  compressive s t resses  of 
f la t  rectangular Metalite type sandwich plates  has recently received 
much a t ten t ion  i n  the l i t e r a tu re  (references 1 t o  6). 
appeared, however, on the  s t a b i l i t y  of sandwich plates  under conditions 
of loading other than compression. A loading that is very important in  
a i r c r a f t  design is tha t  of shear. 
long simply supported Metalite type sandwich plates  ( f ig .  1) has been 
t reated i n  reference 7. The analysis, however, i s  based on assumptions 
that render it in t r ins ica l ly  approximate and is limited t o  the deri- 
vation of s t a b i l i t y  equations, without any presentation of numerical 
r e s u l t  e. 
L i t t l e  has 
The shear buckling of i n f in i t e ly  
I n  the present paper the problem t rea ted  i n  reference 7, the shear 
buckling of in f in i te ly  long simply supported Metalite type sandwich 
plates,  is solved by means of t h e  mre accurate sandwichplate theory 
of reference 8. 
approximate values of e l a s t i c  c r i t i c a l  shear s t resses  f o r  various 
values of the r a t i o  of plate  f lexural  s t i f fnes s  t o  core shear s t i f fnes s .  
For two l imit ing values of t h i s  r a t i o  the c r i t i c a l  s t resses  are  
within 1 percent of exact.values, and it may reasonably be concluded 
that the c r i t i c a l  s t resses  fo r  intermediate values of the r a t i o  a re  
a l so  within 1 percent of exact values. An approximate correction t o  
the e l a s t i c  s t resses  is outlined for the  determination of the c r i t i c a l  
shear s t resses  of plates  that buckle in  the p l a s t i c  range. 
The Rayleigh-Ritz energy method is used t o  obtain 
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Shortly a f t e r  the  work of the present paper was completed, 
reference 9, which is on the same subject as the  present paper, was 
received at  the Langley Laboratory. Approximate assumptions were 
made in  that analysis as t o  the behavior of sandwich plates,  and an 
approximate deflection function w a s  used. The numerical results, 
however, a g e e  very closely with those of the present paper and are  
discussed inmore d e t a i l  in the section en t i t l ed  t*Comparison with 
other Solutions." 
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SYMBOLS 
Young*s modulus f o r  face material  
Poisson's r a t i o  f o r  face material 
face thickness 
shear modulu f o r  core material  
core thickness 
f lexura l  s t i f fnes s  per u n i t  width of Metalite type 
sandwich p la te  
plate  width 
core shear-f l e x i b i l i t y  coeff ic ient  
( g h )  
c r i t i c a l  shear stress 
e h s t i c  sheebuckl ing+t ress  coefficient (*) 
c r i t i c a l  shear load per unit length (2Tcrtf) 
coordinate axes (see f ig .  1) 
deflection of middle surface of p la te  
- Qx QY angles between l ines  or iginal ly  perpendicular t o  
G C C  Gchc undefomned middle surface and lines perpendicular 
t o  deformed middle surface 
x wave length of buckle 
$ = -  x 
b 
V potent ia l  energy 
RESULTS AND DISCUSSION 
Elas t i c  Shear-Buchling-Stress Coefficients 
The e l a s t i c  shear-buckling-stress coeff ic ients  of i n f in i t e ly  long 
simply supported Metalite type sandwich plates  ( f ig .  1) are  given i n  
figure 2 f o r  Poisson's r a t i o  of the face material  equal t o  l/3. 
buckling-Eltress coefficients k are plotted as a function of the core 
shear-flexibility coefficient r. The values of k were computed 
from the  approximate s t a b i l i t y  equations derived i n  the appendix and 
are  summarized i n  tab le  1. 
values and hown exact values of k f o r  r equal t o  0 and 1.0, it 
seems reasonable t o  conclude that the approximate values of k f o r  
intermediate values of r are accurate t o  within 1 percent of exact 
values. 
Sheax- 
From a comparison of the approximate 
As the core shear-flexibility coefficient increases, the shear- 
buckling-tress coefficients approach those f o r  compressed s h p l y  
supported plates  ( f ig .  2, reference 5 ) .  
are  equal f o r  values of 
given by 
The two groups of coeff ic ients  
r equal t o  or greater than unity and are 
k = -  1 
r 
This phenomenon is  explained i n  the appendix. 
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Plas t ic  Shear Buckling Stress 
When buckling occurs i n  the  p l a s t i c  range, the stresses computed 
f romthe  e l a s t i c  shear-bucklinq-stress coeff ic ients  of figure 2 are too 
large and must be corrected f o r  p l a s t i c i ty  effects .  
p l a s t i c i t y  correction may be obtained by means of the theory of 
reference 10. 
isotropic plates have been derived and apply w i t h  no e r ror  t o  sandwich 
plates  w i t h  an i n f in i t e  core shear modulus (r = 0). 
t ions  are used f o r  sandwich plates  w i t h  f i n i t e  core shear s t i f fnees  
(r > 0), the r e su l t s  m e  consemative and are probably accurate enough 
fo r  most design purposes. 
An approximate 
I n  tha t  paper the p l a s t i c i t y  corrections f o r  so l id  
If these correc- 
I n  figure 3 the p l a s t i c  shear buckling s t resses  fo r  plates  
of 2&T3 aluminwn al loy are plot ted against the corresponding 
e l a s t i c  shear buckling s t resses .  Th i s  curve is another w a y  of 
presenting the computed correction curve of figure 1 of reference 10. 
Plates that buckle i n  the p l a s t i c  range may be analyzed by f irst  
computing the e l a s t i c  shear buckling s t r e s s  from figure 2 and then 
entering the curve of f igure 3 with t h i s  s t r e s s  t o  obtain the 
corresponding p las t ic  shear bucklin$ stress. Similar curves f o r  
materials other than 2 b T 3  aluminum al loy may be plotted by use 
of the equations on the upper half of page 12 of reference 10. 
Comparison w i t h  Other Solutions 
The results given i n  reference 9 apply t o  plates  with faces 
f o r  which the resistance t o  bending about t h e i r  own middle surface 
is not negligible. The face bending s t i f fnes s  is shown, however, 
t o  have only a small e f fec t  on the shear-buckling*tress coeff ic ients  
if the core shear f l e x i b i l i t y  coeff ic ients  are  less than 1.0. I n  
t h i s  range of values of r the  shear-buckling-atrese coeff ic ients  
of reference 9, computed f romthe  theory of reference 7 Vhich is 
knam t o  yield results lower than exact values, agree very closely 
w i t h  those of the present paper. The present r e su l t s  are s l igh t ly  
high, as is characterist ic of energy solutions, but the excellent 
agreement w i t h  the results of reference 9 indicates the accuracy of 
both solutions. 
When r is greater than 1.0, the bending stiffness of the  faces 
may have a large e f fec t  on the shear-buckling-stress coefficients.  
r e su l t s  of the present paper i n  t h i s  range of values of r are comerv- 
a t ive  and apply only t o  plates  w i t h  faces that are very t h i n  i n  
comparison with the core. 
however, w i l l  probably not have core she-f l e x i b i l i t y  coeff ic ien ts  
greater  than 1.0. 
The 
Sandwich plates  having prac t ica l  dimemiom, 
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The e l a s t i c  she*buckling-etress coeff ic ients  of in f in i te ly  long 
elmply supported Metalite type sandwich p la tes  have been computed f o r  
Poisson's r a t i o  of the face material equal t o  l/3. 
correction f o r  the e f fec ts  of p las t ic i ty  has been outlined. T h i s  
correction i e  theoret ical ly  conservative and is probably accurate 
enough f o r  most design purposes. 
An approximate 
Langley Aeronautical Ldboratory 
National Advisory Committee f o r  Aeronautics 
Langley A i r  Force Ba88, Pa., May 20, 1949 
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APPENDIX 
DETERMINATION OF CRITICAL SHEAR STRFLW,S OF 
Eneray expression.- The potential-energy emreasion f o r  f l a t  
sandwich plates is given by equation (16) of reference 8. 
subjected only t o  shear and with the physical constants of Metalite 
type sandwich plates  given by equation ( A l )  of reference 5, t he  energy 
expression becomes 
For plates  
Boundary conditions.- Because the plates  considered a re  in f in i t e ly  
long,  the  middle--surface deflection w and the  shear angles - QX 
GChC Q*, 
and a r e  periodic i n  the x-direction over a wave length A.  
GChc n 
(See f ig .  1.) Furthermore, the functions chosen f o r  w, - QX 
a, Gchc’ 
and 2 must s a t i s fy  the simple support conditions of no moment, 
Gchc 
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no middle-surface deflection, and no ro ta t ion  parallel t o  the boundary,, 
due t o  shear deformations, of any l ine  i n  the boundary perpendicular t o  
the middle surface. 
t ions:  A t  y = 0,b 
These conditions a r e  given by the  following equa- 
where % is given by equation (6b) of reference 8 as 
Fourier s e r i e s  f o r  the middle-mrface deflections and the shear 
angles are therefore taken as 
1 00 w = x(a, sin + bn COB =)sin x x n=l 
These equations sa t i s fy  the boundary conditions (A2) term by term. 
S t a b i l i t y  determinant .- Substitution of equations (Ab) i n  
equation ( A l )  and integration between the limits x = 0,X and y = O,b 
yields, after some s ~ p l i f  ication, 
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2 
+ n2P2)&n - dn' - nPen8] + kl + n2P2)4, 
n=l 
where 
Cn' Q' en' f,' 
'n dn en f n  ,I - = - = - = - = -  
k 
r core 8hear--flexibility coeff ic ient  
P, ¶ integers such that p + q i a  odd 
The undetermined Fourier coeff ic ients  %, bn, c,, k, en, 
and f, must now be chosen s o  a8 t o  make the  potent ia l  e n e r a  V 
a minimum. This condition require8 that 
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where n = 1, 2, 3, . ., or, when the indicated operatione are 
performed, that the coefficients s a t i s fy  the following set of 
sirrmltaneom equations : 
nSf,' = 0 (A7c) 1 + Pf (1 + n2B2)b, + (1 + 2 crf n2P2 + e ) c n t  r - 2 
1 + ccf 
nP(1 + n2P2)bn + nScn' - 2 ccf + n2P2 + $)frit = 0 (A7d) 
2 
(1 + n2S2> an - (1 + n2P2)dn' - np(l + n2p2)en' 
(1 + n2p2) 2 bn + (1 + n2p2)cn' - np(1 + n2P2)fn' 
where n = 1, 2, 3, . . . and 2 and m are  integers such 
that n + 2 is odd and n + m is  odd. 
Tha c r i t e r ion  f o r  the shear buckling of i n f in i t e ly  long slmply 
supported Metalite type sandwich plates is determined framthe condition 
t h a t  the Fourier coefficients have values other than zero; that is, that 
the p la te  buckles. 
in equations (A7) must then be equal t o  zero. The determinant obtained 
from equations (A7) is ra ther  unwieldy, however, and may be simplified. 
The determinant of the coefficients of these t e r n  
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. Simplification of s t a b i l i t y  detemninant .- 'Equations (A7a) t o  (A7d) 
may be solved to give expressions f o r  dn' and en' i n  terma of an, 
and fo r  en' and fn' i n  t e r n  of bn. These expressiom are 
where n = 1, 2, 3, . . . . Substi tution of equations (A8) i n  
equations (A7e) and (A7f) then yields  
a m =  0 - m x rn 
whero n = 1, 2, 3, . . . and n + 2 is odd and n + m is odd. 
NACA m 1910 l l  
Equations (Ag) may be'divided Into two independent groups. One 
group of equations involves only the Fourier coeff ic ients  
whereas the other involve6 only the  Fourier coeff ic ients  
The detemninants of these two groups of equations are ident ical .  
the  f inal  simplification of the  s t a b i l i t y  determinant, therefore, only 
one of the groups of equations need be considered. 
I n  
Those equations (A9a) that involve only Fourier coeff ic ients  of 
the first kind-may be solved t o  give the  coefficients a2, a4, 86, . . . 
in  terms of the coefficients bl, b3, b5, . . . . These expressions are 
then subst i tuted into the appropriate equations (Agb) t o  yield 
where both %i and M i j  are of the form 
and 
n = l ,  3, 5, . . 
i = 2 , 4 , 6 ,  
j=1, 3, 5 ,  
n 
W 3
In 
d 
$. - Q Q )  
d cu 
n 
W 
41 
& 
d 
Ai m & 
+ 
rl 
+ 
ri 
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The second approximation is given by the second-order determinant as 
(; B3kf 
- f 
i=2,4,6,. . . i=2,4,6,. . . 
\i=2,4,6, . . . 
The shear-buckling-etress coefficient k is a function of the 
parameters r and B .  For a given value of r the  correct value 
of p is that.which yield6 the  lowest value of k. I n  the computations 
made f o r  the present paper, therefore, the parameter I3 w a s  vsrted 
u n t i l  a minhum value of k was  obtained for a given value of r. The 
r e s u l t s  of the computations made with equations (Al2) and (Al3) are 
surmnarized i n  tab le  1. The values of k for r = 0 and r = 1.0 
obtained from the second approxFmation are seen t o  agree excellently 
with the known exact values. The exact value of k f o r  r = 0 w a s  
obtained from reference U and agrees with the  second approximation t o  
two decimal places. The exact value of k f o r  r = 1.0 w a s  obtained 
as a r e s u l t  of physical reasoning, which is explained i n  the next 
section, and is only 1 percent lower than the second approximation. It 
may reasonably be concluded tha% the approximate values of k f o r  t he  
intermediate values of r are  a l s o  within 1 percent of the corresponding 
exac,t values. 
S t ab i l i t y  c r i t e r ion  when r >I.- A shear buckling mode that is 
poasible f o r  Metalite type sandwich plates  is shown i n  f igure 4. 
plates  may buckle with s t ra ight  nodal l i nes  inclined a t  an angle of 45' 
t o  the direct ion of the shear s t ress  and with a n - i n f i n i t e l y  small wave 
length. If an element of plates  between consecutive nodal l i n e s  is 
isolated (f ig .  4), it is seen t o  be subjected t o  a compressive s t r e s s  
which is equal i n  magnitude t o  the c r i t i c a l  shear s t ress .  
is therefore equivalent t o  a very short compressed simply supported 
p la te  f o r  which the buckling load is given by equation (1) of 
reference 6 as 
The 
The element 
k = -  1
r 
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The computations of the  present paper indicate t h a t  the wave length of 
buckle rapidly decreases with increasing r so that the shear-buckling- 
s t r e s s  coefficients approach those of compressed simply supported plates.  
When r 
coefficients are given exactly by equation ( a b ) .  
is &qual t o  or greater than 1.0 the  shear-hxkling-atress 
As was noted i n  reference 6, t h i s  r e s u l t  is a consequence of the  
assumption implied by the sandwich-plate theory of reference 9, that 
the s t i f fness  of the p la te  faces i n  bending about t h e i r  own middle 
surface is negligible. The p la te  is then f r e e  t o  buckle as sham in 
section A 4  of f igure (4); t ha t  is, buckling is  due t o  the core 
shearing i n  planes perpendicular t o  the faces, with no interference due 
t o  bending of the faces. 
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TABU I 
SHEAR-BUCI(T1NG COEFFICIENTS FOR INFI-LY LONG SIMPLY 
SUPPORTED METALIIT TYPE SANIXJICH l?lXIES 
NACA TN 1910 
\ 
\ 
0 
I 
0- 
0 
0 
0 
0 
/ M M  
18 NACA m 1910 
(D Tt rc) 
. 
NACA TN 1910 19 
I 20 mCA TN 1910 
t f  
